Background: Although limited, the literature suggests alterations in activation of cognitive control regions in adults and adolescents with a history of childhood abuse. The current study examined whether such alterations are increased in the face of emotionally-distracting as compared to emotionally neutral information, and whether such alterations occur in brain regions that exert cognitive control in a more top-down sustained manner or a more bottom-up transient manner. Methods: Participants were young adult women (ages 23-30): one group with a history of childhood physical or sexual abuse (N = 15) and one with no trauma exposure (N = 17), as assessed through the Trauma History Questionnaire and a two-stage interview adapted from the National Crime Victims Survey. Participants underwent fMRI scanning while completing hybrid block/event-related versions of a classic color-word and an emotional Stroop paradigm (threat and positive words). This paradigm allowed us to examine both sustained (activation persisting across blocks) and transient (event-specific activation) aspects of cognitive control. Results: Women with a history of childhood abuse demonstrated decreased recruitment of frontal-parietal regions involved in cognitive control and enhanced recruitment of a ventral attention surveillance network during blocks of both versions of the Stroop task. Additionally, they had less suppression of brain regions involved in self-referential processes for threat blocks, but greater suppression of these regions for positive blocks. Severity of avoidance symptoms was associated with sustained activation in lateral prefrontal regions, whereas hyperarousal/re-experiencing symptoms were associated with sustained activity in temporal regions. No differential effects were observed for transient control.
Introduction
Childhood abuse (CA) is a type of traumatic experience that occurs at a time of dynamic neurobiological development and is associated with affective, cognitive, and clinical sequelae across the lifespan (Edwards et al., 2003; Hart and Rubia, 2012; Navalta et al., 2006; Pechtel and Pizzagalli, 2011; Shonk and Cicchetti, 2001; Teicher et al., 2003; Samson, 2013, 2016) . A robust body of literature has demonstrated that children and adults with a history of childhood maltreatment demonstrate heightened attention to threatening stimuli (Dalgleish et al., 2001; Dannlowski et al., 2012; Hart and Rubia, 2012; McNally et al., 1990; Pechtel and Pizzagalli, 2011; Pine et al., 2005; Pollak et al., 2000 Pollak et al., , 2005 , which is associated with increased recruitment of limbic regions involved in threat responding, including the amygdala and hippocampus. Generally in a non-clinical population, heightened limbic activation can be overcome by the top-down, cognitive control influence of the frontal-parietal network (e.g., LeDoux, 2000) . Cognitive control involves biasing towards task-relevant information (Banich, 2009; Miller, 2000; Miller and Cohen, 2001) and is implemented by a frontal-parietal network including the dorsolateral prefrontal cortex (DLPFC), anterior cingulate cortex (ACC), and posterior parietal regions (Banich et al., 2000a (Banich et al., , 2000b Botvinick et al., 2001; Brown et al., 1999; Bush et al., 1998; Carter et al., 1995 Carter et al., , 1998 Milham et al., 2001) . A variety of evidence suggests these cognitive control regions are altered across the lifespan in individuals with a history of childhood maltreatment (Beers and De Bellis, 2002; De Bellis, 2005; DePrince et al., 2009; Hart and Rubia, 2012; Navalta et al., 2006; Pechtel and Pizzagalli, 2011) . As a result, heightened limbic activation has been shown to be coupled with decreased recruitment of prefrontal regions necessary to dampen responding (Dannlowski et al., 2012; Hart and Rubia, 2012; Herringa et al., 2013a Herringa et al., , 2013b Pechtel and Pizzagalli, 2011; Shin and Liberzon, 2010; Tottenham et al., 2010; van Harmelen et al., 2014) .
The vast majority of studies of CA have examined neural systems involved in cognitive control over emotional information as opposed to distracting, non-emotional information. There are some theoretical reasons to think that CA might lead to changes in cognitive control mechanisms more generally and not just specifically for emotional information. Cognitive control continues to develop through young adulthood because of protracted brain maturation (Gogtay et al., 2004; Paus, 2005; Sowell et al., 2003; Toga et al., 2006) , which leads to differential patterns of activation during cognitive control tasks across development (Adleman et al., 2002; Andrews-Hanna et al., 2011; Luna et al., 2010) . Given CA often occurs at a time when brain regions and networks related to cognitive control experience heightened neuroplasticity, it is a cognitive process that may be particularly vulnerable to CA. The only neuroimaging study to date examining cognitive control in adults with a history of childhood maltreatment regardless of the presence of psychopathology found a dose-dependent relationship between childhood maltreatment exposure and negative modulation of the dACC by left inferior frontal gyrus (IFG) during successful response inhibition (Elton et al., 2014) . Alterations in activity in IFG and medial frontal regions, such as pre-supplementary motor area (pre-SMA), supplementary motor area (SMA), and ACC, have been observed during tasks requiring inhibitory control in adolescents with a history of childhood maltreatment (Lim et al., 2015; Mueller et al., 2010) . Therefore, there is some limited evidence to suggest the possibility of altered recruitment of frontal cognitive control regions in individuals with a history of childhood maltreatment for non-emotional information.
The primary motivation for this study was to directly compare the degree of engagement of cognitive control regions when emotional as compared to neutral, non-emotional information must be ignored, so as to determine whether individuals with a history of CIT demonstrate specific or general deficits in cognitive control. To do so, our study compared brain activation during a classic color-word Stroop task (Stroop, 1935) to two versions of an emotional Stroop task, one with distracting stimuli that are threatening and another with distracting stimuli that are positive. The goal of the classic color word Stroop task is to identify the color in which a word is printed while ignoring the meaning of the word. Cognitive control must be exerted to engage in the less automatic process of ink color identification as compared to the more automatic process of word reading. The need for cognitive control increases when the word (e.g., "red") and ink color (e.g., blue) are incongruent, as conflict must be resolved.
The emotional Stroop task also requires the maintenance of goaldirected behavior (i.e., ink color identification) in the face of a more automatic process (i.e., word reading). Cognitive control requirements are enhanced because the emotional word is salient and captures attention, which increases the likelihood of engaging in word reading instead of inherent sematic or response conflict (as in the Classic colorword Stroop) . Thus, a question we address is whether the neural systems involved in cognitive control are altered in women with CA more generally (i.e., across both the color-word and emotional Stroop tasks) or whether such deficits occur differently in the face of emotional distraction. We know of only one prior, non-intervention related study, a PET study, in women with a history of sexual abuse that compared cognitive control during the classic and an emotional (threat) version of the Stroop (Bremner et al., 2004) . That study, however, focused on group differences related to Posttraumatic Stress Disorder (PTSD) specifically. Researchers observed group differences on both the classic color word and emotional Stroop tasks, albeit in different directions (PTSD + > PTSD − vs. PTSD − > PTSD+) and in different brain regions. Nonetheless, this study points out the potential utility of investigating patterns of brain activity for both types of Stroop tasks.
A second goal of our study was to examine whether the valence of emotional information affects the engagement of neural systems involved in cognitive control in women with a history of CA. While most studies have reported alterations in processing of threatening information in individuals with a history of childhood maltreatment, some have also observed alterations in the processing of positive information as well (Dillon et al., 2009; Guyer et al., 2006; Mehta et al., 2010) . Importantly, anhedonia has been identified as a particularly important clinical symptom related to psychopathology in adults with a history of childhood maltreatment (Pechtel and Pizzagalli, 2011; Teicher and Samson, 2013) . Therefore, we had two conditions in our emotional Stroop task, one in which the emotionally distracting words were threat-related and another in which they were positive in valence. This design allowed us to examine whether there are alterations in cognitive control on the basis of emotional distraction in general, or whether such alterations are restricted to only distracting information that is threatening.
A third goal of the current study was to examine two well-established aspects of cognitive control, sustained and transient control, in adults with a history of CA. Sustained cognitive control involves proactively maintaining a task set, whereas transient cognitive control involves recruiting needed resources to adjust to dynamic contextual information or behavioral responses. Studies have demonstrated that the DLPFC supports initiating and maintaining task-sets while the ACC is involved more transiently, feeding information back to the DLPFC when there are dynamic changes or bolstering cognitive control in the face of poor top-down control by the DLPFC (Banich, 2009; Silton et al., 2010) . Prior work with individuals with a history of childhood maltreatment has demonstrated decreased recruitment of the DLPFC and enhanced recruitment of the ACC during neutral inhibitory tasks (Bremner et al., 2004; Elton et al., 2014; Lim et al., 2015) , suggesting that alterations might occur for sustained control, but that compensatory transient mechanisms may remain intact. To examine this hypothesis, we used a hybrid fMRI design with event-related trials interspersed among blocked trials of a specific task type, which allowed us to dissociate alterations in maintenance of a top-down, task-relevant attentional set (blocked trials) from transient recruitment of additional cognitive control (event-related trials) Visscher et al., 2003) .
Materials and methods

Participants
Participants were 32 young adult women between the ages of 23 and 30 who responded to flyers and electronic announcements posted at community agencies and through web-based list-serves in an urban area. Flyers and announcements did not specifically recruit individuals with a history of CA, but rather advertised a study looking at stress that was enrolling individuals with stressful life experiences as well as those without. This approach was taken in order to minimize recruitment bias. Only women were recruited for the study because of gender differences in exposure to CA and characteristics of experienced CA (Dhaliwal et al., 1996; Finkelhor et al., 1990; Goldberg and Freyd, 2006; Tolin and Foa, 2006) . Participants were right-handed, native English speakers, and reported no history of brain injury, neurological disease, or psychotic symptoms, and no MR contraindications. All participants gave informed, written consent and were compensated monetarily. The study was approved by the Colorado Multiple Institutional Review Board at the University of Colorado.
Participants were categorized into one of two groups, women with a history of CA (CA group; N = 15) and women with no history of trauma (control group; N = 17) . Women in the CA group experienced physical or sexual abuse prior to the age of 17 and denied any history of interpersonal trauma within the past year. Criteria for inclusion in the control group included no history of interpersonal trauma. For both the CA and control group, an individual could have experienced a potentially traumatic non-interpersonal event (e.g., car accident) as long as they did not meet DSM-IV-TR Criteria A for PTSD (American Psychiatric Association, 2000) for the non-interpersonal event.
Demographic information
Participants provided information on their age, race, occupation, and education. Current socioeconomic status (SES) was determined using education and occupation information in order to calculate the Hollingshead Index of Social Position (ISP; Hollingshead, 1975) .
Measures
Intelligence
IQ was measured using the Wechsler Abbreviated Scale of Intelligence (WASI; Psychology Corporation, 1999) two subtest format.
Trauma history
A two-part approach was taken to determining the nature and extent of trauma history. First, participants were administered the Trauma History Questionnaire (THQ; Green, 1996) , which is a 24-question measure that assesses for a history of various interpersonal and noninterpersonal traumas, at what ages these events occurred, and the number of incidents. It has been found to demonstrate adequate reliability and validity (Hooper et al., 2011) . Endorsement of the following items prior to age 17 was considered to indicate a history of CA: forced intercourse or sex; being touched or asked to touch someone else's private parts under force of threat; any other forced and unwanted sexual contact; and/or being beaten, spanked, or shoved hard enough by a family member to cause injury. The questionnaire was administered verbally by a clinician, as opposed to self-report, so that direct follow up could be done to determine if a participant met Criteria A for PTSD for any non-interpersonal traumas.
Second, more detailed information about interpersonal trauma was obtained using a two-stage interview strategy adapted from the National Crime Victims Survey (NCVS; Fisher and Cullen, 2000) . The NCVS is used annually by the U.S. Census Bureau to assess for crime, including sexual and physical assault, and has been used specifically in young adult women to assess for sexual victimization (Fisher and Cullen, 2000) . In the first stage, participants were asked a series of behaviorally-defined screening questions designed to cue memory for relevant incidents. In the second stage, participants who answered "yes" to any screening questions were asked a series of detailed questions about the incident(s). This additional measure was used to allow for the opportunity to confirm that the incidents reported in the THQ were physical or sexual abuse and to provide additional details on those incidents. The initial lead behavioral questions, with subsequent follow up, used to assess childhood physical or sexual abuse included: being attacked or threatened, including attempted or complete rape, and being attacked or threatened by someone you know.
Clinical symptom measures
To determine the degree to which participants in the CA group also suffer from PTSD, all individuals in this group completed the Posttraumatic Diagnostic Scale (PDS; Foa et al., 1997) , a 49-item selfreport measure based on DSM-IV (American Psychiatric Association, 1994) criteria for PTSD. It assesses the presence of 17 possible PTSD symptoms from the three main symptom clusters (intrusive recollections, avoidance/numbing, and hyperarousal), and symptom severity separately for each cluster over the past month.
In addition, all participants completed the self-report Beck Depression Inventory -II (BDI-II; Beck et al., 1996) , which provided a measure of depressive symptoms over the past two weeks.
fMRI Stroop task
While in the scanner, participants performed a manual-response version of the Stroop task (Stroop, 1935) . On all trials, participants responded via a button press to the ink color in which a word was printed. There were four types of trials, defined by the type of word: incongruent, neutral, threat, and positive. Neutral trials consisted of neutral, non-color words; incongruent trials consisted of color words in a different color ink; threat words consisted of threat-specific words (e.g., abuse, hit); and positive words consisted of happy words not related to physical or emotional safety (e.g., joy, happy). The four ink colors (red, blue, green, yellow) used served as the incongruent words. Threat words were selected from a previous study using abuse-related threat words (Bremner et al., 2001) . Positive words were selected from the normed words on the Affective Norms for English Words (ANEW; Bradley and Lang, 1999) and matched the threat words in arousal, to the degree possible. It was also confirmed that the valence of positive words, threat words, neutral words, and incongruent words were within positive, negative, and neutral ranges, respectively. Words across type were matched in length. Given that many of the emotional words, especially the threat words, are not used with the same frequency as color words and the neutral words, it was not possible to match words across type on frequency.
A hybrid blocked/event-related design was adapted from a previous study that allows both sustained and transient neural responses to be examined and has been shown to be sensitive to detecting differences between a clinical and control population ). The hybrid design consisted of blocks of trials (measure of sustained activity) and event-related trials within these blocks (measure of transient activity). Each block consisted of block-specific trials (threat, positive, or incongruent) and a set of neutral frequent trials that occurred in all blocks. In all the blocks, block-specific and neutral frequent trials were presented for 2 s. There were 4 repetitions of each block type (threat, positive, incongruent) for a total of 12 Stroop blocks and 11 blocks of fixation interspersed between target blocks. Each block contained eight target trials and eight neutral frequent trials randomly distributed across the block, resulting in a total of 32 trials for each trial type. All block types, including fixation, had a 32-second duration. Block order was randomly distributed, and first block type was counter-balanced within group. There was 20 s of fixation baseline at the beginning of the scan.
Data acquisition
Functional images were acquired with a GE (Waukesha, Wisconsin) Signa 3T MRI scanner with a T2*-weighted gradient-echo, echo-planar imaging (TR = 2000 ms, TE = 32 ms, flip angle = 77°, 29 axial slices, thickness = 4 mm, gap = 0 mm, 64 m × 64 m in-plane resolution, inplane FOV = 22 cm). A high-resolution T1-weighted SPGR anatomical scan was collected for each participant to localize functional activity (TR = 9 ms, TE = 2 ms, flip angle = 10°, 124 coronal slices, thickness = 1.7 mm, 0.87 m × 0.87 m in-plane resolution, in-plane FOV = 220 mm).
Procedures
During an initial eligibility session, a clinician administered the twostage trauma interview, THQ, and WASI. Then, the participant completed a computerized battery of questionnaires, including the BDI-II. Women who endorsed a trauma history also completed the PDS. Other behavioral measures and questionnaires were completed, but are not reported here as they are unrelated to the hypotheses under investigation.
Participants completed a second session including MRI scanning. During the initial anatomical scan, participants completed practice trials consisting of variable length strings of X's to reinforce the colormapping for the button box. Participants than completed the Stroop task, making responses via a button box. The Stroop task consisted of one functional scan with 400 volumes. Stimuli were programmed using E-Prime software (Psychology Software Tools, Inc.) and presented via a pair of stereoscopic, MRI-compatible goggles. Participants were given earplugs to dampen scanner noise and head movement was restricted through the use of an air pillow conformed to each participants head.
Image preprocessing
Image preprocessing was conducted with the FMIRB Software Library (FSL; http://www.fmirb.ox.ac.uk/fsl/index.html). Images were motion corrected with MCFLIRT, and brain tissue was extracted with BET to remove all non-brain tissue from the images. Prior to statistical analysis, images were spatially smoothed with a Gaussian kernel (FWHM = 8 mm), mean-based intensity normalized, high-pass temporal filtered with a cut-off period of 100 s to remove low-frequency noise, slice time corrected, and intensity-normalized to allow valid analyses across participants. Seven volumes (all fixations) were dropped from the beginning of each functional run to ensure steadystate magnetization. Only participants with < 2.5 mm of RMS movement across all 6 movement parameters were included in analyses. Data from 4 women (2 in the CA group and 2 in the control group) were not included in any analyses because of excessive movement. Participant totals and data presented throughout the manuscript do not include these women.
Imaging analyses
Main effects and contrasts
Statistical analyses were conducted with FMIRB's improved linear model. Analyses on the blood oxygen level dependent (BOLD) time series were run separately for each individual participant for each task, using separate blocked and event-related analyses for the Stroop task. Time series were convolved using a double-gamma hemodynamic response function. For comparisons across individuals, parameter and variance estimates for each participant were registered to Montreal Neurological Institute standard stereotaxic space (MNI152) with the two-stage registration procedure implemented in FMIRB's Linear Image Registration Tool. FMIRB's Local Analysis of Mixed Effects (FLAME1 + 2) was used to take into account that the variance of activation for the two groups might not be identical. To enable them to be more easily differentiated, blocked regressors and effects are denoted by capitalized labels (e.g., Threat), whereas event-related regressors and effects are denoted by lower-case labels (e.g., threat).
Separate GLM's were modeled for the blocked and event-related data. For the blocked analyses, separate regressors for each block type (Incongruent, Positive, and Threat) were modeled in a single GLM with the onset of each initial correct trial in a string of correct trials. Additionally, three separate regressors were modeled to account for error trials within each block type. In order to ensure that blocked effects were independent of these error trials, each blocked regressor was orthogonalized with respect to the corresponding error regressor. For the event-related analyses, seven regressors corresponding to the trial types were modeled in a single GLM: incongruent trials, neutral trials within incongruent blocks, positive trials, neutral trials within positive blocks, threat trials, neutral trials within threat blocks, and error trials. For each regressor, a double-gamma response function was convolved at the onset of each trial.
Within FLAME 1 + 2, analyses of group differences for the target conditions compared to fixation (Incongruent > Fixation, Positive > Fixation, and Threat > Fixation) and target conditions compared to each other (Incongruent > Positive, Incongruent > Threat, and vice versa) were computed using twosample t-tests. To take advantage of spatial neighborhood information, while moderately controlling for Type I error (given the restricted sample size and a priori hypotheses), we used the following approach to examining group differences. Threshold Free Cluster Enhancement (TFCE; Smith and Nichols, 2009 ) was implemented in FSL randomise (Winkler et al., 2014) , with permutations performed in a voxel-wise manner. TFCE transformation was applied to all voxels in the brain before permutation, and a grey matter mask applied (Woo et al., 2014) . Images were thresholded at a p < 0.005 (uncorrected). This uncorrected peak threshold was selected based on evidence that permutation testing with peak thresholding up to p < 0.01 is robust to false positives (Eklund et al., 2016) and prior experience with similar sample sizes and clinical groups. Peak activation (z score) was examined separately for each condition for each group within significant clusters.
Conjunction analyses
Conjunction analyses were performed because certain combinations of the contrasts can be conceptualized as representing a common process or rubric, and to ensure that contrasts were not driven mainly by one condition. For example, areas of common activation across incongruent, positive, and threat trials are likely to represent regions that need to be engaged for cognitive control (regardless of the nature of the distracting information). Similarly, regions that commonly activated across positive and threat trials may represent regions that are engaged when cognitive control is required to ignore emotional information (regardless of valence). These conjunctions analyses were performed for group contrasts. For example, conjunction analyses were performed to determine if activation for the CA group was significantly higher than for the control group across trial types requiring emotional information to be ignored.
These conjunction analyses were performed in FSL using the easy-thresh_conj command (Nichols, 2007) , which uses the minimum statistic of the conjunction null to assess for activation in each of two or more conditions and is robust even when full independence is not present (Nichols et al., 2005) . For this analysis, conjunctions of significant differences in activation between the groups were assessed and thresholded at a p < 0.05 (uncorrected). A relatively liberal threshold was used for two reasons in this restricted clinical sample: 1) comparison to the conjunction null hypothesis is often overly conservative (Friston et al., 2005) , and 2) we examined overlap in significant group differences as opposed to overlap across different cognitive conditions within a group, which inevitably produces more activation.
Three input maps from the blocked analyses were used to examine the overlap across the three target conditions: Incongruent > Fixation, Positive > Fixation, and Threat > Fixation. These maps were computed separately for the group comparisons of Control > CA and for CA > Control. Analogously, for the event-related data, the target trials compared to neutral trials within the target block were entered as input (e.g., incongruent > neutral, positive > neutral, threat > neutral). Two input maps were used to examine the overlap in differences between non-emotional information and both types of emotional information: Incongruent > Positive, Incongruent > Threat, and vice versa, for the comparisons of Control > CA and for CA > Control. Again, analogous input was used for target trials within the blocks (incongruent > positive, incongruent > threat, and vice versa). Regions from the conjunction analyses are only reported if they are > 10 voxels, so as to focus on meaningful results.
Covariate analyses
These analyses focused on the relationship of brain activation and the severity/type of symptoms within the CA group only. Whole-brain regressions were completed regressing trauma symptom severity, as measured by the PDS, on activation for contrasts of interest (Block: Incongruent > Fixation, Positive > Fixation, and Threat > Fixation; Event-related: incongruent > neutral within incongruent block, positive > neutral within positive block, and threat > neutral within threat block). Similar to the examined group contrasts, TFCE (Smith and Nichols, 2009 ) was implemented in FSL randomise (Winkler et al., 2014) , with permutations performed in a voxel-wise manner. TFCE transformation was applied to all voxels in the brain before permutation, and a grey matter mask applied (Woo et al., 2014) . Images were thresholded at a p < 0.005 (uncorrected).
Percent signal change values were then extracted from ROIs defined by significant clusters in the whole-brain regressions, in order to visually inspect the data for outliers and quantify the associations. Only clusters for which the regression results were driven by the target condition (as opposed to the fixation or neutral comparison condition) are presented. Exploratory post-hoc analyses were performed quantifying the associations while controlling for depressive symptoms. Results were relatively similar when depression was controlled. For two clusters the quantified relationship was reduced to r < 0.1 once depression was controlled and these clusters are noted in Table 4 . The CA group was not large enough to examine associations between symptoms and the percent signal change from significant clusters identified in direct contrasts and conjunction analyses.
Behavioral analyses
All statistical analyses were performed using IBM SPSS, Version 24 (2016) and used an alpha of 0.05. For demographic variables, independent samples t-tests were used for continuous variables and a chisquare test for the nominal variable of race. Accuracy and correct trial reaction time (RT) were calculated separately for the blocked and event-related Stroop data as well as for each trial type within block and across event-related trials, respectively. Interference was calculated for each condition as a percentage of RT on block-specific neutral trials (e.g., (mean target correct trial RT − mean within target block neutral correct trial RT) / mean within target neutral correct trial RT).
Results
Group characteristics
The CA group and control group did not differ on demographic factors or estimated IQ. Not surprisingly, the CA group reported significantly higher levels of depressive symptoms than the control group (p < 0.001). See Table 1 for group characteristics.
Within the CA group, 19% of women reported experiencing only childhood physical abuse, 31% reported experiencing only childhood sexual abuse, and 50% reported experiencing both childhood physical and sexual abuse. Additionally, 68% of women in the CA group met criteria for PTSD (see Table 1 for symptom severity).
Investigations of symptom clusters revealed that the severity of avoidance symptoms was not significantly correlated with either the severity of re-experiencing (r = 0.41, p = 0.13) or hyperarousal symptoms (r = − 0.19, p = 0.49), but the latter two were (r = 0.69, p = 0.005). Therefore, in subsequent regressions involving symptoms, analyses were performed separately for severity of avoidance symptoms and a composite of the severity of re-experiencing and hyperarousal symptoms, which represented the average of these two scores, rather than utilizing a total symptom severity score. The correlation between total PTSD symptom severity and depressive symptom severity approached a trend (r = 0.44, p = 0.10), accounting for 19% of the variance in trauma symptoms (r 2 = 0.19). We decided not to include depression as a covariate in imaging analyses because of concerns that it would remove variance associated with exposure to CA as opposed to a separate, non-overlapping depressive construct. Additionally, previous studies have demonstrated that alterations in patterns of brain activation in individuals with a history of CA may be independent of specific psychopathology (van Harmelen et al., 2013 (van Harmelen et al., , 2014 .
Behavioral results: Stroop performance
The analysis of behavior indicated that our Stroop task required cognitive control as evaluated in separate repeated measures ANOVAs with a between-subjects factor of Group (Control, CA) and withinsubjects factors of Block (Incongruent, Positive, Threat) and Trial (Target, Neutral) conducted separately for correct mean RT and accuracy. For RT, as expected, there was a main effect of Trial (F(1, 29) = 56.27, p < 0.001) with participants responding slower on Target (M = 751.88, SE = 14.45) than Neutral (M = 703.20, SE = 11.99) trials (p < 0.001). There was also a main effect of Block (F(2, 28) = 32.26, p < 0.001), resulting from longer RT for incongruent (M = 774.17, SE = 15.69) than positive (M = 698.89, SE = 14.04) or threat (M = 709.57, SE = 11.86) blocks (all p's < 0.001), the latter two of which did not differ (p = 0.19). This effect of Block remained significant (F(2, 28) = 49.50, p < 0.001) when rather than using raw RT, interference scores were calculated for target trials, a percentage of RT for neutral trials within the same blocks (e.g., (incongruent RT − neutral RT within incongruent block) / (neutral RT within incongruent block)). Similar to raw RT, there was significantly more interference on the incongruent (M = 0.18, SE = 0.017) than positive (M = 0.006, SE = 0.014) or threat (M = 0.023, SE = 0.011) trials (both p's < 0.001), the latter two of which did not differ (p = 0.35).
There were no other significant effects (all p's > 0.23). Results for accuracy indicated no significant between-group, within-group, or interaction effects (all p's > 0.12). See Fig. 1 for performance data. 3.3. Overlapping cognitive control of emotionally neutral and emotional information 3.3.1. Sustained cognitive control (blocked analyses)
Using a conjunction analysis, we determined those brain regions that yield a significant group difference across each of the three types of blocks (i.e., Incongruent, Positive, and Threat blocks) compared to fixation, that is whenever cognitive control must be exerted. Across all three block types the following effects were observed. The CA group exhibited greater activation of rIFG, a region implicated in inhibition and contextual monitoring (Banich and Depue, 2015; Munakata et al., 2011) , and the left cerebellum than the control group. Additionally, the CA group significantly deactivated left mid-DLPFC (Banich, 2009; Petrides, 2000 Petrides, , 2005 and right dACC compared to no significant activation in these areas in the control group. In contrast, the control group activated left-sided parietal regions implicated in cognitive control, including the left inferior parietal cortex and precuneus, as well as right MFG and cerebellum compared to no activation in these regions by the CA group. See 
Transient cognitive control (event-related analyses)
An analogous conjunction analysis was performed for event-related data, examining direct overlap of activation for target (incongruent, positive, threat) trials compared to respective within-in block neutral trials. There were no significant results. See Supplemental Table 1 for group differences for each of the event-related contrasts.
Differential cognitive control of emotional vs. non-emotional information
Sustained cognitive control (blocked analyses)
Further conjunction analyses were performed in order to determine if the groups showed different patterns of activation when the information to be ignored was emotional, regardless of valence (Positive, Threat), compared to non-emotional (Incongruent). These analyses identified regions that showed significant differences for both the Threat vs. Incongruent as well as the Positive vs. Incongruent contrasts, and vice versa. This analysis revealed no significant regions that were more activated for the CA than control groups. However, the control group demonstrated significant and greater deactivation of a medial frontal region often associated with the default mode than the CA group during the non-emotional (Incongruent) block. See Table 2 . See Supplemental Table 2 for group contrasts used in the conjunction.
Transient cognitive control (event-related analyses)
Analogous conjunction analyses were conducted to isolate group differences in regions activated transiently within block that were greater for blocks with emotional distractors regardless of valence as compared to non-emotional distractors (incongruent > positive, incongruent > threat). The CA group demonstrated greater activation of left IFG during the emotional than incongruent trials. In contrast, the control group demonstrated significant activation in left IFG for the incongruent trials, but less activation during the emotional trials. Furthermore, a region of the ACC, on the border of dACC and ventral ACC, was significantly deactivated during the incongruent trials (vs. neutral) by the control group but not the CA group. Of note, when viewed at a cluster level, this activation reflects a similar pattern of results, albeit left-sided rather than right-sided, observed during the blocked conjunction analyses, suggesting an overlapping pattern of group differences for sustained and transient cognitive control. Finally, the left middle temporal gyrus, a region that is involved in secondary language processing such as reading, was deactivated by the control group but not the CA group. See Table 2 . See Supplemental Table 2 for group contrasts used in the conjunction.
Valence specific differences in cognitive control
Sustained cognitive control (blocked analyses)
Direct contrasts compared activity for the two emotional conditions (Threat > Positive, Positive > Threat). There were no regions of greater activity for the CA than control group. In contrast, the control Fig. 1 . Behavioral performance on the hybrid Stroop task. A) Reaction time (RT) for correct trials. B) Accuracy for each trial type. Block specific trials (incongruent, positive, and threat) are shown on the left and neutral trials within a block type are on the right. RT and accuracy for the CA group and control group are shown separately. Incongruent trials and neutral trials within the incongruent block are shown in black, positive trials and neutral trials within the positive block are shown in dark grey, and threat trials and neutral trials with the threat block are shown in light grey. Error bars represent one standard deviation. group significantly activated right posterior cingulate cortex (PCC) during the threat block, whereas the CA group deactivated (non-significant) this region. See Table 3 .
Transient cognitive control (event-related analyses)
Analogous analyses for event-related contrasts indicated that the control and CA groups demonstrated differential patterns of activation for positive and threat trials (threat > positive, positive > threat) in multiple regions. The CA group uniquely activated a network of bilateral lateral and medial frontal regions, including right anterior MFG, left dmPFC and anterior mPFC, and left mid-DLPFC for the threat trials compared to positive trials, while no significant differences in threat vs. positive trials were observed for the control group. In contrast, the control group demonstrated greater activation during the positive trials than threat trials in some subcortical regions (left caudate, nucleus accumbens, and brain stem) and region of right cerebellum, which was not observed for the CA group.
In some regions, diametrically opposing patterns were observed between the groups for positive and threat trials. These included subcortical regions (left thalamus and right caudate), right-sided frontal regions (mid-DLPFC and dmPFC), and parahippocampal gyrus/hippocampus. Specifically, the CA group exhibited unique or more activation in these regions during threat compared to positive trials while the control group demonstrated unique or more activation during the positive compared to threat trials. Furthermore, contrasting patterns of significant deactivation were also seen between the groups. The CA group showed greater deactivation of right vmPFC and a region of the cerebellum during the positive than threat trials, while the control group showed greater deactivation of right vmPFC and a region of the cerebellum during the threat than positive trials. These results suggest differential neural engagement for cognitive control over threat and positive words across the groups. See Table 3 and Fig. 3 . Table 2 Conjunction analyses of blocked activation. Conjunctions reflects overlap in activation across specified conditions (p < 0.05, uncorrected). Only clusters with > 10 voxels are presented. The z score presented represents peak activation in the cluster. Peak activation, presented as a z score, extracted for target conditions compared to fixation are included for all blocks. All coordinates presented in MNI space. R = right. L = left. BA = Brodmann's area. Inc. = incongruent. Post = positive. * = Group differences driven by significant deactivation. 3.6. Association of posttraumatic stress symptoms with cognitive control in the CA group 3.6.1. Sustained cognitive control (blocked analyses) Avoidance symptom severity and re-experiencing/hyperarousal symptom severity were each regressed individually on blocked contrasts for each of the three target trials (Incongruent, Threat, and Positive) compared to fixation, respectively. Several regions demonstrated an association with avoidance symptoms and activation during the Incongruent block. Specifically, more severe avoidance symptoms were associated with less activation of bilateral regions in lateral temporal cortex, many of which are associated with later-stage visual processing and others of which are involved in language processing. Additionally, more severe avoidance symptoms were associated with less activation of left subcortical and medial limbic regions involved in emotion detection and regulation, including the amygdala, hippocampus, and vmPFC, as well as left-sided cognitive control regions, MFG and IFG. The only association between activation during an emotional block and avoidance symptoms was found for right precuneus activation during the Positive block, with greater activation associated with more severe avoidance symptoms. See Table 4 .
A different pattern of results was observed for re-experiencing/hyperarousal symptoms. The most pronounced associations were with activation during the Positive block, as opposed to pronounced findings for avoidance symptoms during the Incongruent block. More severe reexperiencing/hyperarousal symptoms were associated with greater activation of right-sided posterior visual processing regions and bilateral lateral temporal brain regions involved in language processing. Additionally, more severe re-experiencing/hyperarousal symptoms were associated with greater activation of right parahippocampus and left cerebellum. For the Threat block, more severe re-experiencing/ hyperarousal symptoms were associated with greater activation of right fusiform gyrus, a visual processing region. In contrast, more severe reexperiencing/hyperarousal symptoms were associated with greater activation of superior parietal regions during the Incongruent block. See Table 4 . See Supplemental Table 3 for blocked activation during each of the Stroop conditions for the CA group.
Avoidance and re-experiencing/hyperarousal symptom severity were also regressed on whole-brain event-related activation during the target trials (compared to within block neutral trials) within each of the three target blocks individually. While almost all of the associations between sustained cognitive control and avoidance symptoms were observed when emotionally neutral information needed to be ignored (Incongruent block), associations with transient cognitive control were only observed when emotional information needed to be ignored. Greater avoidance symptom severity was associated with less recruitment of left-sided frontal-parietal cognitive control regions during positive trials. Furthermore, greater avoidance symptom severity was associated with less recruitment of right parahippocampal gyrus. See Table 4 .
Similarly, associations between re-experiencing/hyperarousal symptoms and brain activation during transient cognitive control demonstrated the opposite pattern of what was observed for associations with sustained cognitive control. Specifically, associations were only observed for incongruent trials (compared to within block neutral trials) and none for the emotional word conditions. Greater severity of re-experiencing/hyperarousal symptoms was associated with greater activation of left posterior DLFPC and MFG and right parahippocampal Fig. 2 . Conjunction analyses examining group differences in blocked activation across all three Stroop conditions (Incongruent, Positive, and Threat). A) Greater activation of right IFG by the CA group than control group across all three conditions, shown in blue. Graph of percent signal change by group for a 5 mm sphere around the peak of the right IFG cluster (50, 40, − 6) presented below. B) Greater activation of the left precuneus, left MFG, and right IPL by the control group than CA group across all three conditions, shown in red. Graph of percent signal change by group for a 5 mm sphere around the peak of the left precuneus cluster (− 14, − 68, 48) presented below. Error bars on graphs represent standard error. IFG = inferior frontal gyrus. IPL = inferior parietal lobule. MFG = middle frontal gyrus. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) gyrus. See Table 4 . There were no significant differences between target trials and within block neutral trials across conditions at the group level for the CA group; therefore, these results are not presented.
Discussion
Our results suggest that exposure to CA is associated with difficulties maintaining sustained cognitive control, regardless of the valence of information to be ignored and the degree of direct conflict. In contrast, alterations to transient cognitive control were primarily observed when salient emotional information had to be ignored, as compared to irrelevant and directly conflicting neutral information. Opposite patterns of activation were observed for positive and threat information in women with a history of CA compared to controls. Specifically, women with a history of CA had more difficulty transiently suppressing taskirrelevant responding to threat information than controls, but interestingly, exhibited better ability to suppress transient responding to task-irrelevant positive information. In addition, distinct neural systems were associated with the severity of avoidance and re-experiencing/ hyperarousal symptoms during sustained and transient cognitive control.
Alterations to frontal-parietal cognitive control network across nonemotional and emotional contexts
Regardless of whether distracting information was emotionally neutral or emotional, women with a history of CA, as compared to controls, had reduced activation of a left-sided frontal-parietal network associated with cognitive control (Banich, 2009; Herd et al., 2006) . This is consistent with previous findings of functional and structural alterations in the DLPFC and precuneus in adults with a history of childhood maltreatment (Bremner et al., 2004; De Bellis and Zisk, 2014; Teicher and Samson, 2016) . Additionally, women with a history of CA show enhanced recruitment of rIFG, a region traditionally associated with inhibition (Aron et al., 2003 (Aron et al., , 2004 (Aron et al., , 2014 Depue et al., 2016; Swann et al., 2009 ), compared to controls. Although both children and adults with a history of childhood maltreatment demonstrate inhibitory deficits on behavioral measures (Navalta et al., 2006; Hart and Rubia, 2012; Beers and De Bellis, 2002; De Bellis, 2005; DePrince et al., 2009) , results from neuroimaging studies of inhibition have been inconsistent in both children and adults (Elton et al., 2014; Lim et al., 2015; Mueller et al., 2010; Bremner et al., 2004; Carrion et al., 2008) . It has been proposed that rIFG may not be specifically related to inhibition per se, but rather may support monitoring the environment in order to establish or maintain goals that are consistent with current external conditions (Banich and Depue, 2015; Chatham et al., 2012; Depue et al., Table 3 Group differences in activation between the emotional Stroop tasks. The z score presented represents peak activation in the cluster. Peak activation, presented as a z score, extracted for target conditions compared to fixation are included for pertinent trials. All coordinates presented in MNI space. R = right. L = left. BA = Brodmann's area. Inc. = incongruent. Post = positive. 2016; Munakata et al., 2011; Swick and Chatham, 2014) . As such, the rIFG activation observed during sustained cognitive control in women with a history of CA may reflect heightened reliance on external cues to facilitate maintenance of task-relevant goals, which may work in parallel with the hypervigilance often observed in individuals with a history of CA.
Alterations to sustained cognitive control networks specific to nonemotional and emotional contexts
Many classic posttraumatic stress symptoms are by definition related to emotional responding and regulation, and therefore may provide unique challenges to implementing cognitive control in emotionally arousing situations. Our contrast of emotional Stroop trials to incongruent Stroop trials provided some insight into this issue. Control participants showed greater activation of left-sided and anterior regions of DLPFC for incongruent than emotional words, a difference that was not observed for CA individuals. More specifically, while both groups showed approximately equivalent activation of these regions for the emotional Stroop trials, the control individuals had increased activation compared to the CA individuals for incongruent trials (see Table 2 ). Of note, the region showing this effect is a bit anterior to that which revealed group differences across all trial types, which is a region that is often associated with biasing towards task-relevant representations (Banich, 2009; Herd et al., 2006) . This pattern suggests an increased area of activation for controls when incongruent stimuli are encountered as compared to emotionally distracting words. As noted in the introduction, while both incongruent and emotional Stroop trials require the prioritization of ink color identification over word reading, only incongruent trials involve conflict processing. These results could suggest women with a history of CA demonstrate alterations in the activation and suppression of brain networks critical for the resolution of conflicting environmental cues, and further supports our proposal that women with a history of CA may be overly reliant on external cues to implement cognitive control. In the context of abuse, heightened attunement to the environment and the ability to monitor the environment for cues that signal what type of goals should guide behavior in a dynamically shifting environment is likely to be highly adaptive. However, this strategy may result in an over-reliance on neural systems that monitor the environment and process environmental cues, resulting in difficulties with internally maintaining task-relevant goals and behaviors.
Alterations in transient cognitive control specific to emotional context
In contrast to alterations in sustained cognitive control discussed above, differences in activation between distracting stimuli of different emotional valences were most pronounced for transient cognitive control. Differences in activation between controls and women with a history of CA on emotional Stroop trials as a function of valence (threat, positive) were found both in regions typically activated when cognitive control is required, as well as regions typically deactivated during cognitive control, such as regions associated with the default mode network. Interestingly, women with a history of CA and controls showed opposite patterns of activation when transient control was necessary in the face of threatening as compared to positive task-irrelevant information. Specifically, when faced with distracting information that was threatening, women with a history of CA, as compared to controls, did not deactivate vmPFC and anterior mPFC, regions of the default mode implicated in self-referential thought (Andrews-Hanna et al., 2014; Buckner and Vincent, 2007; Raichle and Snyder, 2007; Raine et al., 2001) and evaluating potentially survival-salient Fig. 3 . Group differences in event-related activity between positive and threat trials. Shown in red, unique activation of right anterior MFG and anterior mPFC by the CA group compared to control group for threat trials. Also shown is unique activation of left caudate and right nucleus accumbens in the control group compared to CA group for positive trials. Lastly, greater suppression of vmPFC by the control group for threat than positive trials in contrast to greater suppression for positive than threat trials in the CA group is shown. Graph of percent signal change by group for a 5 mm sphere around the peak of two representative clusters, anterior MFG (44, 54, 6) and left caudate/right NA (− 8, 20, 2) , are presented. MFG = anterior middle frontal gyrus. amPFC = anterior medial prefrontal cortex. NA = nucleus accumbens. vmPFC = ventral medial prefrontal cortex. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) information (Buckner and Vincent, 2007; Sheline et al., 2009) , as much as when faced with distracting positive information. In contrast, controls deactivated vmPFC more when the distracting information was threatening as opposed to positive in valence. Furthermore, robust activation of subcortical regions involved in sensory gating and motivation that feed up to the cortex was observed in conjunction with less suppression of default mode regions for distracting threat information in women with a history of CA in contrast to robust activation for distracting positive information in controls. We speculate that conditions associated with less suppression of vmPFC likely reflect heightened processing of the task-irrelevant information. If so, then this pattern of results suggests that while threat words are more salient for women with a history of CA, positive words are more salient for controls. Consistent with this speculation, heightened activation of posterior medial frontal cortex, a brain area implicated in response selection (Banich, 2009) , as well as that of the anterior DLPFC, implicated in inhibitory control (Banich and Depue, 2015) , were observed only for threat information in women with a history of CA. Engagement of these regions suggests an increased need for cognitive control specifically on trials in which the distracting information is threatening in nature.
In sum, these results suggest that patterns of transient brain activation reflect the degree to which distracting information, whose nature cannot be predicted beforehand, interferes with cognitive control in an individual. As such, engagement of these systems varied by group (controls, women with a history of CA), depending on the valence (threat, positive) of the information. These findings are consistent with previous reports of heightened dorsal medial frontal activation Table 4 Whole-brain regression of trauma symptoms on activation across Stroop tasks. Correlations with avoidance symptom severity and a composite of re-experiencing and arousal symptom severity, as measured by the PDS, are presented separately for blocked and event-related activity. The z score presented represents peak activation in the cluster. Pearson correlation (r) represents the correlation between percent signal change of a 5 mm sphere around the peak coordinate for significant clusters from the whole-brain regression. All coordinates presented in MNI space. R = right. L = left. BA = Brodmann's area. I = incongruent. P = positive. T = threat. (Dannlowski et al., 2012; Hart and Rubia, 2012; Pechtel and Pizzagalli, 2011) and decreased basal ganglia activity in response to reward in adults with a history of childhood maltreatment (Dillon et al., 2009 ). However, it is inconsistent with findings of decreased vmPFC activity specifically for threatening information in adults with a history of childhood maltreatment (Dannlowski et al., 2012; Hart and Rubia, 2012; Pechtel and Pizzagalli, 2011) . This difference could be due to the fact that most prior studies compare activation to neutral as opposed to positive stimuli. Alternatively, it may reflect the mild nature of threat information in this task compared to other studies using stronger threat stimuli (e.g., pictures) and/or the fact that this sample of women with a history of CA is relatively high functioning and therefore may exhibit better executive functioning than individuals with lower functioning. In the context of abuse, moment-to-moment prioritization of threat information is likely adaptive because it has survival value. Positive information may be less salient because it is not important for survival and/or positive information may be less present in abusive contexts.
Associations between cognitive control and posttraumatic stress symptoms
Individual differences in avoidance symptoms and re-experiencing/ hyperarousal symptoms among the women with CA were associated with distinct patterns of neural activation. Prior research has found that individuals often experience predominantly either avoidance or re-experiencing/hyperarousal symptoms, which have been associated with differential patterns of brain activation in trauma-exposed adults (Lanius et al., 2002 (Lanius et al., , 2006 . We observed avoidance symptoms were primarily associated with sustained cognitive control in the face of directly conflicting emotionally neutral information. Specifically, individuals with greater avoidance symptoms exhibited less activation of semantic/language processing and late stream visual processing temporal regions when top-down control needed to be implemented in the face of external representations directly competing for processing. Concomitantly, these individuals also exhibited reduced activation of limbic regions involved in bottom-up emotional responding as well as a core default mode region, the vmPFC, when there was no emotional information present.
In contrast, severity of re-experiencing/hyperarousal symptoms was primarily associated with sustained cognitive control in the face of distracting emotional information and transient cognitive control in the face of distracting, directly conflicting emotionally neutral information. Individuals with greater re-experiencing/hyperarousal symptoms exhibited robust heightened activation across multiple early-stage, bottom-up visual processing regions when sustained cognitive control was required to ignore distracting positive information. A similar association was observed for a late-stage visual processing region when distracting threat information had to be ignored. Re-experiencing/hyperarousal symptoms were only associated with transient cognitive control in the face of directly competing information in the environment, with greater symptoms associated with more recruitment of early-stage visual processing and frontal cognitive control regions.
This pattern of results suggests that individuals with pre-dominantly avoidance symptoms may have developed strategies for pro-actively dampening task-irrelevant processing, including emotional responding, when there is direct conflict for processing representations in the environment. A prior study suggests greater recruitment of brain regions necessary for biasing towards task-relevant goals may help to buffer reexperiencing symptoms (Fonzo et al., 2016) . In contrast, individuals with predominantly re-experiencing/hyperarousal symptoms rely on more transient and dynamic cognitive control in the face of environmental representations simultaneously vying for attention.
Limitations
There are some limitations to this study, the main one being our restricted sample size. Our restricted sample size informed our correction methods, both for direct group contrasts as well as conjunction analyses. As such, the results obtained should be viewed as somewhat preliminary and will require replication. Nonetheless, the study demonstrates the utility of disentangling, via a direct comparison, potential alterations of neural systems that are required to exert cognitive control in the face of distracting neutral versus emotional information, and how such systems may also vary by emotional valence. Additionally, we were not able to make direct comparisons between women with a history of CA with and without PTSD and direct comparisons in activation between women with specific symptom profiles. Future studies with a larger data set will be necessary to fully disentangle developmental from disorder-specific effects. Given the simultaneous modeling of blocked and event-related trials, it is possible that some activation from the event-related trials contributed to blocked results. However, we were able to demonstrate different patterns of alterations for blocked then event-related data, consistent with previous studies Andrews-Hanna et al., 2011) . By including only women with a history of CA, we were able to control for potential sex differences. On the other hand, the results may not be generalizable to male samples and future studies will be needed to further examine overlap and differences in brain regions recruited during cognitive control for males and females with a history of CA.
Conclusion
In summary, this study demonstrated altered activation of brain regions in women with a history of CA when cognitive control is required to ignore salient, distracting task-irrelevant information. Women with a history of CA showed blunted activation in regions of a frontalparietal network when processing needed to be biased in a sustained manner, regardless of the emotional valence of that information. However, when more transient demands for cognitive control occurred, women with a history of CA showed increased activation in brain regions involved in control -but only when the task-irrelevant information was threat-related (as compared to positively-valenced). Furthermore, the nature of posttraumatic stress symptomatology appeared to shape neural responses to cognitive control in the face of directly competing environmental representations: individuals with elevated avoidance symptoms exhibited greater suppression of irrelevant bottom-up processing mechanisms, whereas individuals with elevated re-experiencing/hyperarousal biased processing towards taskrelevant representations more reactively and transiently.
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